The tubicolous polychaete, Spirobranchus giganteus lives buried in coral skeletons. Its age and lon gevity were estimated indirectly from the annual coral-growth rings of the host coral counted on soft X rays radiographs.
Polychaetous annelids are used as fish bait and are an im portant component of fouling organisms. Serpulid poly chaete is representive of the latter, and are well studied in fisheries (e.g., Okamoto et al.1)). Spirobranchus giganteus appears in intertidal to subtidal zones as a typical species of coral reef polychaetes.
There is little accurate data on the longevity of poly chaete worms,2,3) mainly because of the difficulty in monitoring them in the field, especially for long-living large species. Among such species, Spirobranchus gigan teus is the most remarkable, mostly living buried in coral skeletons . 4) We assumed it is possible to estimate the age of S. gigan teus by counting the annual growth bands in the coral skeleton overlaying polychaete tubes. Soft X-radiographs of slabs cut along the growth axis of many massive corals displayed alternating dark and light bands which outline the former positions of the outer surface of the colony.5) These dark and light bands represent variations in the density at which the skeleton was deposited. A pair of bands-high density and low density (i.e., light plus dark bands)-represents one year's growth.5-8) The annual nature of the banding pattern has since been confirmed for a varie ty of massive corals from different parts of the world using various dating techniques. [5] [6] [7] [8] Spirobranchus giganteus and S. polyceros have been found in many coral species, and the age of the latter spe cies was roughly estimated from the coral-growth data.9) Spirobranchus giganteus grows on coral surfaces covered by living tissues, and its tube is always covered by coral skeleton.
Thus, the orifice of the serpulid tube is always present on the surface of living coral. Spirobranchus giganteus occurs on Porites spp. in Okinawa.10) We collected some massive Porites with poly chaetes and estimated their annual growth.
Materials and Methods
Ten coral colonies of Porites lutea with 11 polychaete worms were collected at Zampa Cape, central Okinawa Is land, from June through September 1993, and in Novem ber and December 1994. Coral skeletons were dried after rinsing with synthetic detergent. Coral skeletons were sliced into 2 to 5 mm thick slices at the area including the polychaete tube, then radiographed under soft X-rays (Softex, MB3, Hitachi). The exposure was 40 kVp, 3 mA, for 4 to 5 minutes. The source to subject distance was 50 cm. The areas of interest of these soft X-radiographs are shown in Fig. 1 .
Results
Coral-growth bands were usually formed at 0.2 to 1.0 cm intervals, with a white band usually 0.2 to 1.0 cm in thickness and a black band 0.1 to 1.0 cm in thickness (Figs. I and 2), and coral had probably grown 0.5 to 1.0 cm per year. The growth increment of the polychaete tube was usually 0.2 to 1.0 mm per year in orifice diameter (ranged from 0 to 1.2, average 0.6 mm, N=31), and the growth rate varied greatly among individuals and between years ( Fig. 3) .
Usually we prepared one or two slices per worm, with a maximum of 10 per worm, and the slice included the whole or only a part of the tube (Fig. 1) . If the slice includ ed the whole tube cut longitudinally as shown in Fig. 1 (A and B), the exact growth dates could be determined (Fig.  3) . If the slice included two openings of the same tube as shown in Fig. 1D , the growth rate between the two open ings could be determined accurately (Fig. 3) . Some slices, however, contained only one opening clearly cut horizon tally, so we could only compare the size of recent tube Openings on the coral surface with the opening that ap peared in the slice. (Figure 3 shows that the diameter of the opening and the number of growth bands between the re cent tube opening and the opening in the slice.) Some examples of the growth of different individuals over time are depicted in Fig. 3 . Worm A grew slowly, with the orifice diameter increasing about 2.5 mm from 1989 to 1994 (Fig. 3) . On the contrary, worms C and D grew rapidly, their orifice diameters increasing 4 mm over 5 years (Fig. 3) . Worm B did not grow during 1985 and 1986 (Fig. 3) . Worm E grew very slowly, and its age was es timated at more than 40 years (Fig. 3 , bottom graph, see also Fig. 2, bottom radiograph) .
On the slices of coral skeleton, it was in some cases possi ble to trace the tube back to the settlement position of the polychaete. On such slices, the recruitment site could be de termined always on the dead parts of the coral skeleton. Three worms formed a calcareous inner wall (tabulae) at the middle portion of the tube (as in other serpulids, see Lommerzheim11)), below which the posterior portion could not be traced back because of damage to the tubes. 
Discussion
This study showed that Spirobranchus lived for more than 10 years, and sometimes more than 40 years . The an nual tube growth in orifice diameter was estimated at 0 .2 to 1.0 mm, so that a worm with an orifice diameter of > 10 mm is probably at least 7 to 10 years old. Tube orifice di ameters recorded in the field were mostly between 3 to 12 mm in Okinawa,12) with the maximum size being > 14 mm.") Therefore, some Spirobranchus live for 10 or more years, and some live beyond that age.
It is very impressive that a worm, with a body length not surpassing 10 cm, can live for more than 40 years. But the congener associated with living corals has been reproted to live a very long life; Spirobrachnus polycerus, smaller (body length up to 5 cm) than S. giganteus, lives more than 10 years,9) and S, giganteus was estimated to live more than 20 years in Australia. 14) The massive Porites has a lon ger life span, reaching a diameter of more than 5 m (pers. obs. by M. Nishihira), indicating a life of more than 100 years, because the annual growth rate of massive corals is usually 5 to 15 mm.") The longer life span of host corals seems to be related to the longer life of Spirobranchus . The worm E, which has the maximum longevity, is prob ably a rare case, and we can estimate the longevity of this species to be usually 10 to 20 years, and rarely 30.
The growth rate of the worm represented by tube orifice diameter varied greatly as shown in Fig. 3 . It is likely that the increase in tube diameter is affected by the available food, and this parameter seems to depend on the habitat or position of the colony. Dai and Yang16) studied Spirobranchus at Taiwanese coral reefs, and concluded that they are distributed in groups or randomly on the coral colony. Such a distribution pattern is probably relat ed to the growth pattern of the worms. The worm body length and the tube orifice diameter are correlated,10) but the tube orifice diameter seems unlikely to be the key growth parameter for the worm.
The present study contained three basic assumptions: 1) Spirobranchus cannot bore into the coral skeleton, 2) it does not extend its tube beyond the surface of the coral skeleton, and 3) a single worm occupies one tube, and does not move to other tubes. The second assumption is proven by the fact that the tube opening is always on the living sur face of the coral. The observations of more than 100 worms revealed that their tubes were certainly present on the coral surface (unpublished data). The first assumption is valid, because Smith") studied the larval settlement of S . giganteus and concluded that they settled on dead areas of coral skeletons and extend their tubes directing into the liv ing part of the coral. Thus we can conclude that Spirobran chus does not bore into coral skeletons. When the worm was pulled out from the tube, it could not secrete a new tube, and the worm did not move to other tubes (pers . obs., by E. Nishi). Therefore, the third assumption that the worm does not exchange its tube, is also valid. Some times, the juveniles appeared on the inner surface of a dead empty tube, and the small worms were rarely found in empty adult tubes (pers. obs. by E . Nishi). However, the tubes of juvenile and immature worms are extremely small, and are easily distinguished from adult tubes by the naked eye. If the small worm lived in an empty adult tube , the calcareous tube of the juvenile remained as a remnant , so we did not include such tubes that contained 2 or more worms in the present study.
As a conclusion, the present method is useful for es timating the longevity of polychaete buried in living coral skeletons, but the juveniles in adult empty tubes cannot be studied by this method to determine the age and longevity of worms. This method is also applicable to animals which have a similar mode of coral utilization , such as Dendropo ma maxima.
